A series of 1, 3-dithiane derivatives bearing various kinds of substituents at the 2-position or the 5-position was synthesized, and their Insecticidal activity was examined.
INTRODUCTION
Among a series of nereistoxin (NTX)1, 2> analogs, cartap (S, S'-[2-(dimethylamino)trimethylene] bis (thiocarbamate)), 35 ) bensultap (S, S'-2-dimethylaminotrimethylene di (benzenethiosulfonate)) s) and thiocyclam (5-dimethylamino-1, 2, 3-trithiane) 7) have been commercialized (Fig. 1) .
Our studies are aimed to obtain a new type of insecticides that are related to NTX and more chemically stable than the above mentioned insecticides.
Generally 1, 2-dithiolane and 1, 2, 3-trithiane are unstable in the presence of a base or oxygen. 8) Carbamate, sulfonate and Bunte salt of alkylmercaptan are easily hydrolyzed under alkaline condition. 9, 10) On the other hand, the 1, 3-dithiane ring is so stable under both heat and alkaline condition that 1, 3-dithianes are used as a carbonyl-protecting group. [11] [12] [13] 1. Synthesis of 1, 3-Dithianes I R spectra were taken with a Shimadzu A-102 spectrometer. 1H NMR spectra were recorded at 60 MHz on a Hitachi 60B or at 90 MHz on a Varian EM-390 spectrometer. 1. 1 General procedure 1, 3-Dithianes 4-7 were synthesized as summarized in Fig. 2 . Reaction of 1, 3-dichloropropane or 1, 3-dichloro-2-propanol with sodium benzenethiolsulfonate19, 20) in acetonitrile under reflux afforded S, S'-trimethylene di-(benzenethiosulfonates) 1 or 2 respectively. 1, 3-Dithianes 4 and 5 were prepared21' by reacting 1 and 2 with active methylene compounds 3 such as ethyl cyanoacetate, pchlorophenylacetonitrile and dibenzoylmethane in the presence of triethylamine or 1, 8-diazabicyclo [5. 4 . 0]undec-7-ene (DBU).
2 -(4-Chlorophenyl) -2 -cyano-5 -hydroxy-1, 3-dithiane (5a) was allowed to react with 0, 0-diethyl phosphorochloridothioate and a-(4-chlorophenyl) -/3-methylbutyryl chloride in the presence of DBU to give 6a and 6b respectively. Reaction of 5a with methyl isocyanate and p-chlorophenyl isocyanate in the presence of triethylamine yielded carbamates (7a and 7b respectively) (Fig. 2) .
5-Alkylamino-1, 3-dithianes (10) were prepared as shown in Fig. 3 . Thiolsulf onates (9), 22' which had been prepared from N-alkyl-2-bromo-l -(bromomethyl) ethylamine (8) by treating with sodium benzenethiolsulfonate, were allowed to react with p-chlorophenylacetonitrile in the presence of DBU to give 10.
5-Dimethylamino-l, 3-dithiane (15a) and 5-dimethylamino-2-methyl-1, 3-dithiane (15b) were prepared by reacting 1, 3-propane dithiol with formaldehyde or acetaldehyde in the presence of acid catalysts. " 1" 5-Dimethylamino-1, 3-dithianes (11) having electron-withdrawing group (s) at the 2-position were prepared by starting with bensultap [9b, S, S'-2-dimethylaminotrimethylene di (benzenethiosulf ovate) ] (Fig. 4) . Compounds 12a, 12b, 12c and 12d were obtained by treating the 2-acetyl-1, 3-dithianes (lib, lid, lie) and the 2-ethoxycarbonyl-l, 3-dithiane (11h) with aniline or diethylamine in ethyl alcohol at room temperature respectively. 2-Cyano-5-dimethylamino-1, 3-dithiane (12d) was allowed to react with n-propylbromide in the presence of potassium t-butoxide to yield a 2-n-propyl derivative (13) . By reacting 2-acetyl-5-dimethylamino-1, 3-dithiane (12b) and p-bromophenylhydrazine, hydrazone 14 was obtained. By treating 11g with trifluoroacetic anhydride and pyridine in dichloromethane, 23, 24> 2, 2-dicyano-5-dimethylamino-l, 3-dithiane (urn) was obtained. 1, 3-Dithiane derivatives were synthesized as follows :
5a) (2. 7 g, 0. 01 mol) was dissolved in toluene (20 ml) and to the solution 0, 0-diethyl phosphorochloridothioate (1. 9 g, 0. 01 mol) and triethylamine (1. 1 g, 0. 01 mol) were added with vigorous stirring at 15°C. The mixture was stirred at 40°C for 4 hr. The reaction mixture was washed with water, dried over anhydrous magnesium sulfate (MgSO4) and concentrated to dryness. The residue was chromatographed on silica-gel column by eluting with chloroform, to give 6a (2. C, 57. 14; H, 3. 71; N, 3. 07%.
01 mol) was dissolved in toluene (20 ml) and to the solution N-methyl isocyanate (0. 6 g, 0. 01 mol) and triethylamine Table 1 . 1. 8 2-Cyano-5-dimethylamino-2-n propyl-1, 3-dithiane (13) To dry tetrahydrofuran (20 ml) 12d (0. 01 mol) was added and the mixture was cooled to -30C in a nitrogen gas stream in which a solution of 16% n-BuLi in hexane (4 ml) and then a solution of n-propyl bromide (0. 01 mol) in n-hexane were added dropwise over 15 min. The temperature was gradually raised to room temperature over 1 hr and stirred for 2 hr. To the reaction mixture water (50 ml) and ethylacetate (50 ml) were added. The organic layer was separated, dried over MgSO4 and concentrated under reduced pressure. The residue was chromatographed on silicagel column and eluted with chloroform to give 13 (1. 54 g, 67. 1%) as an oil (oxalate, mp 170-171C). 111 NMR 5) '3 ppm : 0. 85 (3H, bt) 100 ppm (a. i. ) . Ten 3rd instar larvae were released on potato slice which had been dipped into the test solution and dried (Petridish 9 cm in diameter). The mortality was observed 2 days after application. 2. 3 Bioassay against two-spotted spider mites (Tetranychus urticae KoCH) Each compound was dissolved in a small amount of DMF and diluted with water to prepare a test solution of 500 ppm. The test solution was sprayed onto the leaf of kidney bean plants, on which 10 female mites had been inoculated on the previous day. The treated plants were kept in a glasshouse at 25C. The number of adults on the plant was counted 2 days after treatment, and the percentage mortality was calculated.
RESULTS AND DISCUSSION Some 1, 3-dithianes were prepared by reacting 1, 3-propane dithiol with carbonyl compounds in the presence of acid catalysts. 11 1" Introduction of electron-withdrawing group (s) at the 2-position was difficult by this method, however, and some 1, 3-dithianes were prepared with dithiosulfonate and active methylene compounds. 21, 25-2" This reaction method enabled us to use bensultap [9b, S, S'-2-dimethylaminotrimethylene di(benzenethiosulfonate)], which is commercialized as an insecticide for rice crop protection and to obtain 5-dimethylamino-1, 3-dithianes with electron-withdrawing group(s) at the 2-position.
In an attempt to study requirements for substituents at the 5-position, 1, 3-dithianes with various substituents at the 5-position were synthesized and their biological activity was tested against rice stem borers (RSB), twenty-eight-spotted ladybirds (TL) and twospotted spider mites (TSM).
The insecticidal activity of 1, 3-dithianes bearing a hydrogen, hydroxy or acyloxy group at the 5-position are summarized in Table 2 .
Compounds 4-7 were inactive against RSB. Compounds 4a and 4b were also inactive against TSM, while compounds 5-7 showed some activity against TSM. Table 3 shows the biological activity of 2-(4-chlorophenyl) -2-cyano-1, 3-dithianes bearing various kinds of amino groups at the 5-position. The insecticidal and the miticidal activities of 10b-lOf were apparently stronger than those of 4-7. Since the monomethylamino derivative (lOa) showed weak activities against both RSB and TSM, the dialkylamino group at the 2-position of 1, 3-dithiane seems to be effective in enhancing the activities against both RSB and TSM. Among the amino derivatives (lOa-lOf ), lOb and lOc were the most active against RSB. The relationships between the alkylamino group at the 2-position in the 1, 3-dithianes and their insecticidal activity agreed fairly well with those seen in the 1, 2-dithiolanes series. 28)
From these results it can be concluded that a dialkylamino group, especially dimethylamino group, at the 5-position of the 1, 3-dithiane ring is an essential factor for enhancing the activity. In an attempt to define more detailed requirements of substituents at the 2-position, 5-dimethylamino-l, 3-dithianes with various substituents at the 2-position were synthesized and their insecticidal and miticidal activities were tested. Their activities are shown in Table 4 . The activities were greatly influenced by the substituents at the 2-position. Compounds 15a and 15b, which have hydrogen and methyl at the 2-position respectively, were inactive against RSB, TL and TSM. In contrast, introduction of electron-withdrawing group (s) such as ethoxycarbonyl, acetyl, benzoyl, carbamoyl or cyano instead of methyl to the 2-position markedly increased their insecticidal and miticidal activities.
A series of 2, 2-disubstituted derivatives (lla-11n) has potent insecticidal activity against RSB and TSM, which is almost equal to that of nereistoxin (4-dimethylamino-l, 2-dithiolane, NTX), while, the potencies of monosubstituted compounds (12a-12d) against TL were comparatively low.
Among the 2, 2-disubstituted compounds, those having the same substituents at the 2-position such as, 2, 2-diethoxycarbonyl (11a), 2, 2-diacetyl (lld), 2, 2-dibenzoyl (11f ), 2, 2-dicarbamoyl (llg) and 2, 2-dicyano (llm), had relatively potent activities against TL.
The most potent compounds against RSB, TL and TSM were 2, 2-dibenzoyl-
The mode of action of nereistoxin and some of its derivatives has been shown to be the blocking of cholinergic receptors in vertebrates as well as in invertebrates. 29-33) It is known that cartap (S, S'-[2-(dimethylamino)-trimethylene] bis (thiocarbamate)) and bensultap (9b) have insecticidal properties comparable to those of NTX. Metabolic studies have indicated that these derivatives are biotransformed to NTX in situ. 34, 35) Because of the structural similarity between nereistoxin derivatives and 5-dimethylamino-1, 3-dithianes (i. e., both have a dimethylamino group, which is located at the third position from the sulfur atom), and the similarity in observed symptoms in insects, it can be speculated that in insects 1, 3-dithiane is transformed to NTX to Table 3 Biological activity of 5-substituted amino-2-(4-chlorophenyl) -2-cyano-1, 3-dithianes.
RSB :
Rice stem borers, topical application.
TSM : Two-spotted spider mites, sprayed on kidney bean plant seedlings. 2-dlthlo-2-dlthloshow its insecticidal activity. Thus, the dialkylamino, especially dimethylamino, group at the 5-position of 1, 3-dithiane is an essential factor for the insecticidal activity, and electron-withdrawing group (s) such as cyano, carbamoyl, ethoxycarbonyl or acetyl at the 2-position probably play(s) an important role in transforming 5-dimethylamino-l, 3-dithianes into a bioactive nereistoxin derivative by Pummerer-type reaction.
During the course of this study, we observed that the reaction of 2-acetyl-or 2-ethoxycarbonyl-l, 3-dithianes (lib, lid, lie or i ih) with benzylamine or diethylamine gave good yields of deacetylated or deethoxycarboxylated compounds (12a-12c or 12d) . 
